Objectives: This study aimed to develop a high-risk drinking scorecard using cross-sectional data from the 2014 Korea Community Health Survey. Methods: Data were collected from records for 149,592 subjects who had participated in the Korea Community Health Survey conducted from 2014. The scorecard model was developed using data mining, a scorecard and points to double the odds approach for weighted multiple logistic regression. Results: This study found that there were many major influencing factors for high-risk drinkers which included gender, age, educational level, occupation, whether they received health check-ups, depressive symptoms, over-moderate physical activity, mental stress, smoking status, obese status, and regular breakfast. Men in their thirties to fifties had a high risk of being a drinker and the risks in office workers and sales workers were high. Those individuals who were current smokers had a higher risk of drinking. In the scorecard results, the highest score range was observed for gender, age, educational level, and smoking status, suggesting that these were the most important risk factors. Conclusion: A credit risk scorecard system can be applied to quantify the scoring method, not only to help the medical service provider to understand the meaning, but also to help the general public to understand the danger of high-risk drinking more easily.
exposed to high-risk drinking thus were a group that needs an improvement of drinking culture the most. Logistic regression analysis was the preferred method of most studies to detect risk factors for high-risk drinking. However, there was a difficulty in interpreting the results of high-risk drinking predictions, generally or utilizing it in medical service.
The purpose of this study was to develop a predictive model of high-risk drinking in Korea using data mining. Scorecards for high-risk drinking may be used by employing the developed prediction model.
Materials and Methods

Study design
This study was a secondary analysis of data that was collected in a nationally representative cross sectional and population-based survey conducted by the KCDC. The overall framework of this study is shown in Figure 1 .
Subjects
This study was based on data acquired in the Korea were excluded. After exclusion criteria were applied, 149,592 subjects were included in the final analysis.
Study variables
T h e ta rget va r i a b l e i n t h i s st u d y wa s t h e a l c o h o l consumption pattern. Any person who had drunk any kind of alcoholic beverage during the past year was classified as a current drinker and was asked more questions on the quantity consumed in a typical day and the drinking frequency. "Highrisk" was defined as the male respondents who consumed more than 7 drinks twice a week or more, as well as female respondents who consumed more than 5 drinks twice a week or more. All others were defined as "normal."
For the comprehensive analysis of the various factors associated with high-risk alcohol consumption, health behaviors, sociodemographic variables, and self-rated health status, including mental health, were selected as independent variables. The sociodemographic variables were gender, age, marital status, monthly household income, education level, and occupation. The lifestyle and health-related variables were over-moderate physical activity (participated in moderate physical activity for 5 days or more per week, and for 30 minutes or more per activity, or in vigorous activity for 3 days or more per week, and for 20 minutes or more per activity), eating a breakfast regularly, current smoking status, health check-ups during the past 2 years (proxy variable indication for interest on self-health care [12] [13] [14] ), experience of depression (yes, no), subjective health status (good, bad), subjective stress recognition (yes, no), and obesity status (Table 1) .
Statistical analysis
Data analysis, predictive model and scorecard development were performed with SAS version 9.4. In order to calculate the total population that the sample would represent, the stratification variables and sampling weights designated by the KCDC were employed. All data were described as unweighted frequency, and weighted percentage. χ 2 -test for categorical variables were performed. The high-risk drinking predictive model was built on the training set and tested the validity of the models on the validation set. The data set was divided into the training data set (60%) and the validation data set (40%). In this study, the weighted multiple logistic regression model was employed to develop the high-risk predictive model and a predictive scorecard was suggested for high-risk drinkers using a developed model. Table 2 also provides a breakdown of the proportion in both groups depending on whether they received health checkups during the prior 2 years, or they participated in overmoderate physical activity, or they were stressed. In addition, the percentage of current smokers in the high-risk group was higher than in the normal group [21.3% normal group, 51.5%
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high-risk group (Table 2) ].
Model building and performance
The data set was divided into the training set (60%) and the validation set (40%). The models on the training set were built and the validity of the models on the validation set were tested. The performance of the developed model was evaluated with respect to discrimination using the area under a receiver operating characteristic (ROC) curve, misclassification rate, and Kolmogorov-Smirnov statistics ( Table 3 ).
The ROC charts are graphical displays that give the global measure of the predictive accuracy of the model (Figure 2 ).
They display the sensitivity against 1-specificity of a classifier for a range of cut-offs. Sensitivity is a measure of accuracy for predicting events that is equal to the true positive divided by the total actual positive. 1-specificity is a measure of accuracy for predicting non-events that is equal to the true negative 
Discussion
The high-risk drinking predictive model was developed in Korea using cross-sectional data from KCHS (2014). A total of 149,592 individuals were included in this study, and the weighted multiple logistic regression model was employed to develop the high-risk drinking predictive model. In addition, a scorecard for high-risk drinking can be used that was designed using the developed prediction model.
This study found that the major influencing factors for being a high-risk drinker were gender, age, educational level, occupation, whether they received health check-up, depressive symptoms, over-moderate physical activity, mental stress, smoking status, obese status, and regular breakfast. These finding were largely consistent with previous studies [17] [18] [19] . High-risk drinkers were more likely to be men in their thirties to fifties (30-59 years), or were office or sales workers.
In particular, current smokers had an increased likelihood of high-risk drinking. However, monthly household income, marital status, and health status were not significantly related to the risk of falling into the high-risk drinking group in this study.
The results from the scorecard showed that the largest score range were found in the following factors: gender, age, educational level, and smoking status. In addition, the uneducated participants had the highest risk factor score according to the education level, and that of clerical officers was the highest according to the occupation category.
For example, a male who is in his forties (40~49 years), uneducated, worked in a clerical office, and currently smoking, will score at least 769.9 points for high-risk drinking. In Korea, individuals with the above-mentioned factors are more likely to become involved in social relationships, which could increase the likelihood of high-risk drinking [11] .
A scorecard is mainly used by credit rating agencies to measure consumers' credit so that the company prevent losses caused by consumers' activities such as taking loans, issuing credit cards and buying insurance, etc. This scorecard system can be applied, to quantify the scoring method, not only to help medical service providers to understand the meaning, but also to help the general public to understand the dangers of high-risk drinking more easily. In this respect, this study is meaningful. In addition, it can provide a basis for more effective healthcare services such as education to prevent high-risk drinking. In addition to the data used in this study,
further refinement of the model by reflecting the local, social environment and geographical factors related to drinking is expected to enable the setting of various measures to solve and prevent high-risk drinking.
Finally, the scorecard modeling methodology will be helpful in measuring and understanding the level of health risk
Scorecard development
Scorecards for high-risk drinking were evaluated using the developed prediction model. In this study, the concept of point to double the odds (PDO), which is the most widely used scaling in the credit risk industry. For example, if PDO is set at 20, the odds of the person who receives 520 points through this method is twice as likely as those of the person who has 500 points. To make the scorecard, the adjusted coefficient was calculated by subtracting the smallest regression coefficient estimate from the assumed coefficient estimates of each variable to make the adjusted coefficient greater than or equal to zero. Then, the appropriate PDO was determined and the corrected regression coefficient transformed linearly into a single score as shown in Equation 1 [15, 16] .
In this study, PDO was set at 58.43994, and Table 5 showed the result of the scorecard (Table 5) . behaviors measured by various statistical models of health education program providers and users besides drinking.
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